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ABSTRACT 


This thesis presents a Nuclear Targeting and Effscts 
Ezeogtram that 1S amternded for inclusion in the Simulaticn of 
Tactical Alternative Responses (STAR) combat model. Tee es 
presented as a stand alon? pregram, written in SIMSCRIFT, 
which can te easily modified as a subroutine for any high 
MesOlUcicn cGombat model requiring tactical nuclear effects 
Simulaticn. When presented with a group of targets which 
are deemed suitable for attack by tactical nuclear weafons, 
mem rregqram will select units to fire, select proper yields 
for multiple yield weapon systems and assess casualties 


among Armcr and Infantry within the target area. 
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I. INTRODUCTION 

This thesis presents a nuclear targeting ard effects 
Beogram that is intended for inclusion in the Simulaticna of 
Tactical Alternative Responses (STAR) combat nodel. fees 
presented as a stand alone program, written in SIMSCRIFT, 
which can ke easily modified as a subroutine for any high 
mesoluticn combat model requiring tactical nuclear effects 
Simulaticn. 

When presented with a group of targets which are deemed 
Miiecanle f£¢r attack by tactical nuclear weapons, the prcegram 
will select units to fire, select proper yields for multifle 
yield weapon systems and assess casualties among Armor and 


Infantry within the target area. 


A. CAPABILITIES 


> 
it 
in 
tbh 
O 
ty 


The model in this thesis analyzes the given targ 
destructicn by nuclear weapons. In so doing ict; 

mee can handle any number of *argets. 

2. Can handle aay number Stmmuciecar capable ‘firing 
katteries sach of which nay have any number of 
different yield reunds available. 

Bee can Keep track of any number of frisndly maneuver 
unets. 

4. Frovides for friendly trocp saiety. 

5. Represents targets as composed only of personnel and 
wan ks. 

6. Assesses damage to each individual <target clement ina 
stechastic manner rather than as an expected value. 


7. Assesses damage caused by blast, neat and radiation. 
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Be LIMITATIONS 


Scm¢e of the items listed as limitations ar¢ such only 
because nct all weapcns are included in the data base or not 
all possible target elements are included in the targets. 
Most c£ the following can be input into the model witha 
moderate amcunt cf werk. The model does not; 


1. Use free flight rockets, iisciles on. Air Force 
delivered muniticns. 

2. Use etrategic weapons. 

3. Consider collaté¢ral damage avoidance. 

4. Model any other effects such as NBC warning and 
MebCEe ING,  Cptinum time of exit for units caught in 
fallout areas, crossing fallout aréas, decontamination 


Cr medical evacuation and treatment of casualties. 


C. THISIS FREVIEW 


Chapter II will briefly review the effeccs of nuclear 
weapons. The damace mechanisms will be intreduced while 
formulas and methodclogy for building the assessment phase 
cf the mcdel will be developed. 

Chapter III will discuss some of the more relevent 
defzniticns the reader must become familiar with and then 
Woli shew how the analyst in the field solves the <carget 
@@emys:S preble¢m. The model wili mimic this manual solution 
in crder tc arrive at the same solution a Field anaylst 
would get. 

Chapter IV wiil discuss the mechanics of how the model 
works without being code SPCC. SiC. Some Simplifying 
assumpticns will be made and approximations will be offered 


to reduce the precessing time. 
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Chapter V will explain the code of the model. Each 


routine and function will be discussed separately. ie 
global variables, fermanent and temporary entities “alcens 
with their attributes, set membership and ownershid are 


explained and must be fully understood to comprehend the 
model. 

Chapter VI will idantify possibie areas for further 
research. Areas include a méthod for optimum assignment of 
katteriesyyields to targets, standard field operations taken 
during and after a nuclear burst and inclusion cf cther 
elements intc the target area. 


a 





II. EFFECTS OF NUCLEAR WEAPONS 


A. INTRODUCTION 


A nuclear explosion, like any conventional expiosicn, 
results from the very rapid release of a larg? amount of 
energy in asmall space - an energy densicxy. In simple 
mechanics, the liberation of energy is manifested as 
pressure, heat and, in the case of nuclear weapons, ionizing 
medagaaticn. The damage mechanisms of nuclear weapons are 
refered to as blast, thermal radilaticn and nuclear 
radiaticn. Damage caused by blast is further divided into 
damage caused by overrfressure and by dynamic pressure. 

The heat of the weapon is almost instantly transmitted 
through thermad rear a cs Ch to every object Wal noon 
dine-of-sight constraints. Objects at distances of several 
miles will begin to absorb enough heat to cause combustable 
materials tc burst into flame. The pressure of the weafon 
is transmitted threugh a blast wave which emanates 
emer ically f£Erom the point of detonaticn and travels at 
speeds clicsely related +0 the speed cf sound. Upon 
encountering a target element the blast wave may crush the 
Rarget because of a high overpressure, or it may destrcy it 
Mampecanciaticn —- the act of tumbiing it about on the grcund. 

Finally, <che nuclear weapon has asscecciated with it the 
harmful, beghay penetrating nuclear radiation. The 
explesion emits alpha and beta particles, neutrons and gamma 
eyo. Due te their charge, alpha and béta particles have no 
Military significance in weapon detonation and are hereafter 
eamered. 
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Neutrons aré one of the basic building blocks of the 
atomic nucleus and have no electronic charge. hes 2S che 
lack of charge which allows ad2e€p propagation” and 
penetration. 

Gamma tays are eélectromagnetic radiation. They are 
identical in composition to light, radio waves, and X-rays 
except fer wave length and are rot eéasily stopped or 
absorted. 

Beth neutron and gamma radiation are refered tc as 
fmeniZing radiation. Ee Daotogqued. sealpiacatlon Of tnis is 
that as the radiation passes through living tissue it 
moem.izes scme of it, changing the chemical structure into a 
different, non-functicnal substance. Essentially, it kills 
Semis or inhibits them from functioning as intended. 


Bo ENERGY CISTRIBUTICN 


The percentages of total energy appdeating as blast, 
thermal radiation, and nuclear radiation depend mecstly on 
the altitude at which the tklast occurs. For bursts within 
the lcwer atmosphere the percentages are about 50, 35, and 
ioe percent respectively. cas, as with conventional 
weapons, tlast is the dominant factor. 


C. BLAST 

Targets are damaged by a crushing mechanism caus¢d by 
CVErEressure or by a tumbling action caused by dynamic 
pressure. 


Overpressurs is the crushing force applied to a 
Barget. When an object begins to interact with the blast 
Wave, the Ilsading edge of the object is subjected to an 


Meereas= in pressure while the trailing edge is still at 





ambient pressure. This produces a quick net force eway fron 
the kElast. As the blast wave envelopes the object the 
entire exterior is subjected to an increased pressure-.while 
the intericr remains at ambient pressure. Thus, a crushing 
force is applied to the exterior in an attempt to damage it. 
Lungs and eardrums are easily damaged by this mechanism at 


overpressures of 6 psi. 


@ 


2. Dynamic Pressur 





As the name implies, this is the pressure which is 
associated with high winds. Dynamic pressure can damage 
targets ty oushing, tumbling and t¢aring them arart. 
Targets damaged primarily by dynamic pressure are called 
drag sensitive. With the exception of heavily armored 
vehicles such as tanks, most military materiel is drag 
sensitive. Perscnnel in the open are drag sensitive and are 


damaged easily by flying debris 


3. Elast Wave Cheraczeristics 








Uron détonation, a blast wave of comoressed air 
moves spherically away from the point of detonation. The 
Wave speed is well in excess cf the speed cf sound. As the 
Wave orcrpadqates, tke speed diminishes until it eé¢xhausts 
itself. The ot ilelighent a aber sexropel of three plast wave 
S@aracteristics is essential to simulating blast casualties 
The characteristics are overpressure and dynamic pressure as 


well as the time of arrival of the blast wave. 
@€. Overpressure 


PeGeeeernere 12 “Dp. 113] 1S a graph relating 
distance from ground zero <*o hetgh. Of burst wit! 
CVErpfressure aS a parameter. reomeagusc is for a i KT 
weapon Eut can be used for any weapon with the proper 
Beepeang laws applied. Equation 2.1 is the cube root scaling 


Sauee2OG Which will apply here and in the next two sections. 
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Figure 2.1 Scaled Values of 1 KT Overpressure. 


(2!) 


dy aT ic 


An example will demonstrat2 how the method works. 


d h ie 


1 


Given: an 8 KT weapcn is detonated at a height of 200 ft. 
Find: The peak cverpressure at 1200 ft. from ground zero. 
PeeeaciOon: The corresponding height of burst for a 1KT kurst 


@ 
TS, 


Poi 200 
beheerr cp ess, Yt 
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and the ground distance is 


tea _ 1200 | 
ds > Ts = a2 = eOGwet &.. 


megeerige) 2.1, at 2 4astanece of 600 ft. with a height of 
burst of 100 ft. the peak overpressure is 30 psi. 

Ref. 1 has two other overpressure graphs. - One 
is fer overtfressures of 10,000 to 100 psi and the cther is 
for cverpfressures of 15 to 1 psi. 

These preblems may be worked in revers?2 to solve 
Mer the cptimum height of burst if one knows the required 
overpressure to defeat a target. This concept will be quite 
important in chapters III and TeV. An example will 


demcnetrate the methcd. 


Given: An 6 KT weapon will be used against a target which 
is defsated by 10 psi overpressure. 

Bends Ortinum height of burst. 

Solution: The cptimum solution is the one which produces 
Meer equired effect at the farthest distance from the burst. 
meome fig. 2.) the distance is 1460 ££. ard the height of 
Biest is 740 ft. Baenecduacton 2s) the actual height of 
Mec and actual distance where the effect will be feit can 
mes found. 


wi’ 1u60-gt/3 ee ree = Same ters 


O. 
il 

Ou 
= 
i 


n= nh -w’S = 7uo -g/3 = 1ug0 Ft. = 451 meters 
ieee Eanes, £26 ODti mum h2ight of burst for 
this damage mechanism may be found for any ‘*argect when «he 
Tequired overpressure and expacted yield are known. This 
will te essential later in defining what is known as the 
govetring effect. 


i 





kt. Dynamic Pressures 


Pacemezecnaeta ts pe t?} 2S a graph teleting 
distance frem ground zero to height of burst with dynamic 


pressure as a parameter. PpcomEnce 21,0 Le 2S LOr a 1 KT 


eT TT ee 
| | | eT | | ee 
ee ay 
| VALE. A 
ter 

. VCE WOT + 


OOD 
Tan 


200 400 $500 £600 ? 900 1,000 1,100 1,200 :306 1,400 
DISTANCE FROM GROUND ZERO (FEET) 


HEIGHT OF BURST (FEET) 





RFyqure 2.2 Scaled Values of Dynamic Pressure. 


detonation, but the same cuke root scaling equation applies. 


Another ¢xample will demonstrate the method. 


Given: a 27 KT weapecn is detonated at a height of 600 fr. 
Fond: The dynamic pressure at 2400 ft. ff0m ground zerc. 


i 





Bemmuetaon> The corresponding height cf burst for a KT Eurs+ 


As ° 


ae 
m 


a ae = 2 OOer c.. 


W a7il3 





3 o7il3 


mere g. 2:2, at a distance of 800 ft. with @ height of 
burst o£ 200 rt. the dynamic pressure is 8 psi. 

In a@ Manner analogous to that offered in «he 
secticn abkcve, an optimum height of burst may be found for 


targets damaged ky dynamic rressure. 
Gow lame. Of Atraval 


CrmCeommeronoe 1s %p. 21] 4S 4° 9raph teleting 
dastance f£rem grcund zero to height of burst with the time 
cf arrival of the blast wave as a oarameter. Like Figs. 2.1 
mipeeee 2, it 315 £cr a 1 KT daztonation, but the same cube rect 
scaling e¢quation ae bae's Adan; an example wok 


demonstrate the methcd. 


Given: a 64 KT weapen is detonated at a height of 2000 Ft. 
Find: The time of arrival of che blast wave at a distance 
Seo tibes from ground zero. 

D 


Solution: From rcrevicus techniques; 


h = 500 ft. Ges OU Le. 


Meeme Fag. 2.3 the time for a1 KT burst is 2.8 séc. and 


ee era? = 45-5 sec. 
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Figure 2.3 


las 
time of arrival increases 


me ipgteresting tc nots 


wave is decreasing. 


De. THERMAL RADIATION 
Thermal radiation is 
Which propagates with the 


Meaect with line-of-sight 


Scaled Values of 1 KT Blast Wave Arrival Time. 


2 ha the 


which means the speed of the blast 


as the yield increases, 


@€a radiant heat transfer mechanism 
speed of light. 


fost Veo bite == 


Yoon burst every 


begins to aksorb heat 


(a 


Pema cate predicted by the thermodynamic laws governing 
thermal radiation. Ccmbustable materials will ignite if the 
Tate and exposure time ate snfficiently high. perscnnel 
Will suffer first, second, and even third degree burns if 
reaction times are slew and absorption rate is high. Bag. 
2-4 {Ref. 1: p.~ 291] shows the relationship between yield, 


distance frcem ground zero and the expected heat absorption. 


Za 





SLANT RANGE (MILES) 
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EXPLOSION YIELD (xT} 


Figure 2.4 Heat Abscrption as a Function of Range and Yield. 


Vio 
ee (252) 


BeotiOn 2.2 15 the linesez regression for Fig. 2.4. 

Nuciear bursts emit two distinct pulses cf thermal 
meeoaticn. The seccnd one contains about 99 percent of the 
destructive power. Piece Nasastc Ot peyIS1bDlS and infrared 
tight which is pocrly attenuated by normal atmospheric 
Semaaticns. 


e2 





Any condition Which affects the Vskss etomigh tcc. Or 
meamseaztancy of the air will modify the transmission of 
thermal radiation. Clouds, smoke, f0g, rain and gnow wil 
absorb and scatter the energy. Also, a cloud cover above 
the burst can reflect energy back to the target and increase 
the thermal radiaticn that would have otherwise traveled 
hacméessly into the sky. Obviously, any solid object which 
will not become a victim of thermal radiation will previde 
meeaguate protection. Such objects include, hills, fcxhcleées, 
bunkers, vehicles, trees and other people. 

As stated 2arlier, the exposure time would be a factor 
in determining tctal exposure. However, in actual tests it 
was disccvered that ccmbustable materiais such @s wood frame 
houses charred almost instantaneously. Also, due tc the 
short duration of the thermal pulse, a steady state thermal 
heat transfer conditicn was not achieved and the buildings 
were able tc absorb and dissapate the initial burst of 
energy and avoid ignition. 

The point of the preceeding paragraph is that reaction 
meme Cf a pectential absorber, such as a soldier on the 
Bee tericlid, will play an insignificant part in determining 
thermal radiation effects. 

Peqee 275 Ret. Veeps 314] shows he rutility of avoiding 
Meens if one is sufficiently close to ground zero. The 
Beer OWing quots [Ref. 1: p. 313] sums it up; 


At. the lewer energy yields the thermal tadiation is 
Sijerce=“d 21 SUuCh a Snort time that no evasive action is 
possible. At che highsr yields, however, exposure tc 
meh cf tae tharmali Bose oo could be avoided ié 
evasive action were taken ee Wmcwee nace OllOr va. seccnd 
or the explosion time. Must be remembered, of 
course, that even during” ene Short period 32 very 
consideraktle amount of € been 


aoe reece will have 
emitted from an explosion of high y: 
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THERMAL ENERGY EMITTED (PERCENT) 
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Figure 2.5 Energy Emmission as a Function of Time. 


E. NUCLEAR RADIATION 


raj 


Mer 8 NeUtrTOn Radiatio: 


2 oe Sa Sa eS ee ee 


r 


4 


Upon detonaticn cf a nuclear weapon a large quantic 


Seckce neutrons is released. Tac Meweson ctelease precess 


pa. 
0) 


ccmpleted in less than a millionth of a second [Ref. 1: 


mo 340 j. This) is «where he tsrEm prompt tadiation cones 


ro 


from. Hewever, due tc collisions in the early stages cf the 
G@=toOnaticn, actual escape may be delayed for a thousandth of 
fmeecoiud —- an insignificant comfort to potential targets. 
Since the neutron has no charge it does not have a 
Beeeect iONnizing effect. The biologically harmful ionization 


Occurs when the neutron collides with hydrogen in bedy 
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tissue. The neutron transfers its energy to the nucleus and 
2ieoct 


frees it frem the accompanying a OD 6 Thus a fres 
PEOcron an a beta particle are allowed to cause ionizing 
*issue damace. Previously, beta had been disregard2d as 3 
Beurce of concern. This was due to the impossibility of 
getting tke particle into the body. In the context of the 
current discussion, it is already inside the body. 

Fig. 2.6 [Ref. 1: p. 346) 1S a graph relating yield 


to the siant range tc the burst with radiation absorpticn in 


2,500 





2,000 


n 

a 

= 

q 

= 

aad) 

Oo 

Fig 

I 

xz 
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q 

aad 

a] 

EXPLOSION YIELD (KT) 
Fesguie, 2.6 Neutron Radiation. 
Fody tissue as a parameter. For a given yield and silané 
Tange, the absorbed radiation can be predicted. Equation 
° 


2.3 is the regression equation = 





-— > 


5.896 
mm eisc 8.47 (228) 
R-150+in(VYield) 
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Upon detonaticn of a nuclear weapon, gamma radiation 
is emitted. There are several mechanisms which causé gamna 
radiaticn at various times during and after the detcnaticn. 
Ben. | (Sect 8.0€ - 8.19) contains a dstailed explanaticn of 
the mechanisms. Rather than delve into the sources cf gamma 
cradiaticn itis more important to predict absorption rates 


mee Ligure out how tc avoid absorption. 


SLANT RANGE (YAROS) 





é 2 c eo sO iO 
EXPLOSION fIELD iK™) 


Figure 2.7 Gamma Radiation. 


ie) ee cr. 1: po333)] is similar to Fig. 2.6. 
For @ given yield and slant range, the absorbed dose due to 
gamma radiation can be predicted. Equatzcnh 2.4 is +he 


Meeeessicn equation fcr Fig. 2.7. 





Bees veld | 220001 +Yield-R 
G = 46166 2 ————_____.__ = (2.4) 


_°/ 0058+R 

Since gamma radiation is just light ina certain 
range cf the electromagnetic spectrum, it behaves in 
accordance with the same laws, such as absorption. However, 
commcn cpraque objects such as steel, concrets, paper, etc. 
Meech créflect or totally absorb visible light, only abseretr a 
portion of the gamma radiation. A common example of this is 
meaveiing into a tunnel with the radio on in the car. The 
reception weakens as the amount of snielding increas¢s. 
Table I lists scme common materials which could be used as 


R=otecticn. 
— i — _ a ere 
TABLE I | 
| Ccmmon Gamma Absorbers | 
{ | 
| — 
Material Tenth Value. 
| Thickness (inches) 
{ 
i Steel 8 { 
i Sencrete 14 
| hace 16 
i Water 24 | 
i aGed 4d 
| . 


| 
! 
| 


The Tenth Value Thickness is that thickness of the 
eteeetlsd Material which will cut the radiation by a factor 
mero, Thus, 3.3 inches of steel or 16 inches of ¢arth will 
Becuce a 500 rad. dose to 50 rads. mie addnelOn C2 ancther 


Seegeeincnes cf stcel will further cut the dose to 5 rads. 
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maus , 


where; 


D -T/T 
aaa art e 1 


Dis the predicted absorbed dose 
To is the unprotected dose 
T is tae thickness cf protective material. 


T, 25 the tenth value thickness. 


ae 





2° 7a 


sizeeges Fest =g 
* besos Sogges 
[> sasadota? 
see tease? pee 





& DEFINITIONS 


Before beginning to make a weapon selection it is 
necessary to understand the terms peculiar +o the subject. 
Some of the more important ones are presented here while the 
more cbhvicus ones are found in the glossary. 


1. Fadius of Target (kT) 


Thies is the actual radius of ‘the target cr an 
equivalent radius if the target is equatable to a circle. 
Ref 2 contains a nomograph to determine the appropriate RT 
for targets equatable to a2 circle. More importantly, che 
target elements within the target are assumed <tc be 


Mretotmiy distributed. 


2. Radi 


IG 


Of Damage (RD) 


mos lS whe wWdsstance from ground zero at which a 
Single <target element has a 50% chance of receiving the 
specified d¢earee of damage. The RD 1s a function cf weapon 
Mumma neight of bUrsSt, CaSualty criterion and, in the case 
Semperscnnel, <he pretection level. Fig. 3.1 shows a circle 
Meawn With a radius from ground zero such that as many 
damaged elements (dark dots) are outside «he circle as there 
Meesundamaged (lignt dos) inside the circle. Thus, an 
eloment at RD is said =o have a 50% chance sf beccming 
damaged. 
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Figure 3.1 Radius of Damage. 


3. Minimum Radius of Damage(MIN 2D) 


hem newrering of a large numbers of rounds against a 
target was sinulated, a probability distribution for the RD 
would pégin to emerge. Bic. Sec LS a cumulative 
Meera nbution cunction for a hypothetical RD distributicn. 
The MIN FD is as marked and is equalled or exceeded 90% of 


+he time. 





MIN RD 
Figure 3.2 CDF of RD. 
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Tf alarges number of rounds obeying a circular 
normal distribution were fired at ground zero and tne impact 
points fletted, then CEP would be defined as that distance 
trom ground zero that is exceeded as often as not. Fig. 3.3 
shows an idealized pict of such firings. Acuseie of 1 CRP 


Pociludes 50% of the recunds. 





pLguse 3.3 Circular WYormal Distribution of Impact. 


The distribution of impacts is assumed +o have 4 
BeeVariate normal distribution about the ain point with 
equal variances and a zéro correlation coefficient. Thus, a 
relaticnshir between CEP and variance can be determined and 


as: 


G2 = ioe (251) 
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5. Csrcular Distribution 90(CD99) 


cp90 is very much like CEP except that 90% of the 
rounds aré expected to fall within 1 CD90 of ground zero. 
min a cpricrity target is being considered it is CD90 which 
is uséd as the dispersion parameter. The relationship 
ketween CD90 and CEP is 


CD90 = 1.83°CEP (3.2) 


Peepeeactabbe Eraser Hetq ht=of=burst (PER) 


Similar +o CFE, but in one dimension, the PFEH is 
that distance above and below the desired height of burst in 


which 50% cf the rounds are expected to function. Vertical 


al 
delivery is assumed to be normally distributed abcut the 
desired height of kEurst. Therefore, Gre | belatiensnap 


between FPEH and standard deviation is easily calculated as; 





PE 
Or <= Pin (3.3) 
oon 
Meszt <fuzing mechanisms are highly reitiable and accurate. 


This ensures optimum height of burst and naximum casualties. 


Mmeaisco allows some simplifying assumptions in Chapter IV. 


fee GOVeErning Bftec* 


Mest targets are affected by more than one damage 
mechanisna. PYCEdeencO siNplury the analysis the range at 
which a target is damaged is tabulated and the effect 


corresponding tc the iargest range is selected as the 


governing effect. Taple II lists hyoothetical ranges for 
Seeects for exposed personnel and pezsonnel in open 
foxholes. 


BIZ 





an a ei ee ei, cma OE ee ee es es ce re SRS a aaa 


TABLE II 
Governing effect 


RD el ee ee Oe eee 


| 
| EEeece Range (meters) 
| Eo co Fox hole 

Overpressure 75 a) 

Dynamic pressure 225 N/A 

Thermal radiaticn 950 N/A 
| Nuclear radiaticn 600 250 | 
| | 
_ z= rn evr aealioa= St) 


For exposed personnel, it would appear that thermal 


radiaticn is the governing effect. However, due tc the 
unpredictibility of target posture, thermal radiaticn is 
hever used as the governing effect [ Ref. 33: P. 23]. Also, 
a is almecst universally true that the effects of 


cverpressure are felt at a greater range than the effects of 
dynamic pressure. This leaves only two criteria to competes 
for geverning effect - blast du2 to overpressure and nuclear 
Pra. ation. iid os eetlyer the ).govera-ng effect £or exrosed 
Peesonne! is nucisar radiation and for personnel in foxholes 


it is overpressure. 


The DHOB is the maximum of two possible HOB. 

ifeeceUstealiy de¢Sizrabile <o obtain a low air burst 
Peenout causing falicut. Eig Sous S'S Gens. SOnmulLe. for 
S@eculating the height of burst fallout sate (HOBfs) EOE 
Meeoeas jess than 100 KT and 8q. 3.5 is the formula for 


Calculating the HOBfs for yields greater than 100 KT. 


re 









ey 


HOBfs = 30°W (3.4) 
HOBES = s5°W-’ = (3.5) 
Wis the expected yield plus 10%. 
Gevzously this will produce callout in 50% cf the 
rounds. THeLrerOLe. 6 a Satety ourles of 3.5 PEH is added to 


HOBfs. This quantity 1s now refered to as HOB99 - the HOB 
at which there is a 99% chance of no fallout. 

Pemetd.29 U2C¢a =e  ~Syo- Sr target and  ccmmand 
guidance, there is a HOB which will cause optimum damage 
“aOBOEt) . This was seen earlier in the discussic on 


cverpressure and dynamic pressure and the governing effect 


secticn atove. The desired HOB (DHOB) is the naximum of 
HOB99 and HCBopt. In most cases, HOBopt is greater than 
meeg9 and is, therefore, the listed HOB. Tt is only when 


Bem becomes large that HOB99 is gra2ater *han HOBo0pt and the 
DHOB must ce raised above HOBopt, thus reducing expected 


coverage. 


S. Ground Zeéro (GZ) 


Pe won nt On ene grcurd ditsctly below the position 


wheres the rceund actually deatonates. 


10. Ussiz2d Ground Zere (DGZ) 
The actual aim pocint. The DGZ might not be the 
Center or the target as will Fe sean later. GZ is orly a 
peepee =éqglizzzticn of the DGZ and is not known until after 


mmm detcnation. 
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Be LAMAGE ESTIMATION 
1. Coverage 


fo cause maximum damage, <=h round must be targeted 
at the center of the target. For various reasons, it may be 
necessary tc deliberately shoot at a location other than the 
target center. If RT and RD are of =the same order of 
Magnitude, then a less in coverage will result as shown in 
Pea. «60384 


Centerwror Center of 
target Target~ | 
GZ 
GZ 
A) Less c£ ccverage B) No loss of coverage 
Figure 3.4 Loss of Coverage Due to Offset. 


The analyst uses coverage tables from reference 2 in 
making =he analysis. ae re Sees ad sample of .cne, such 
tabie. Fach weapon system and yield has a complete set of 


tables. A set includes; 


1. Immediate permanent, Mica ——eomaLstent and. lLlartent 
lethalities to exposed personnel, personnel in cpen fox 
holes and personnel in tanks (9 cablé¢s) 

2. Moderate damage to tanks, wheeled vehicles and towed 


artillery (3 takles) 


FOr each range and RT combination, there are two 
coverage figures listed. Pier flest sis -a high assuranc> 
figure to be used when planning an attack ona pricrity 
mor get. There is a90% chance of obtaining the iisted 


=~ 


coverage of the specified damage when using this figure. 
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The seccnd figure is an expected coverage. Phere 25a 502 


tf) 
st @} 
a 
0 
rw 
tt, 
\ 
{) 
flu 


chance cf cbtaining the listed coverage of the 


damage when using this figure 
2. Chocsing the Correct Round 


It quickly becomes obvious that there will be mcre 
than cné weapon system which is adequate. Rie moie se. Ol sls, 
"Which cne is best?" The answer depends upon current 
Meadance from the chain-of-ccmmand. Several PoleciSs Ane 


rossikle; 


A. Select maximum yield. 
B. Select maximum ccverage. 
C. Select minimum yield of the adequate possibilities 
D. Select minimum ccverage of the adequate possibilities. 
This model us¢S Maximum coverage. In order toc 
Peevide for friendly toop safety, Ltww 1. i eebe- cscne thar 


Maximum yield may not provide maxinum coverage. 


C. METHCDS OF ANALYSIS 


Current doctrine allows sevaral methods of nucléar 
memagct analysis tanging g~rom visual to preclusion oriented. 
Only two methods use detailed mathamatical analysis. They 
are called «he index method and the numericai method. 

The index method requires that the desired ground zero 
re the center cf the target. The numerical method allcws 
the desired ground zero to be déliberately offset from <ne 


Paeget Center. 
1. Index Method 


The index methcd is the sasi¢est and quickest methed. 
To use this method the analyst needs only the appropriate 


table (s), the tange from the applicable weapon delivery 


3:6 





system and the target tadius. The appropriate table is 
determined by target type, desired effects, weapon type and 
weapon yield. aed sh, ie) is a typical table for perscnnel 
Maecthe cren, latent lethatities, short range cannon, 1 KT 


yield. 


COVERAGE TABLE SHORT RANGE CANNON 


(Distances in meters) {KT 


Meee Oo E06 6PCUECRR SCONE CL bee tT WALL TTY 
LOW 


EFFECTIVENESS ACCURACY DATA 


RADIUS OF TA 
800 900 RCET CD90 =CEP 


51/.$8 .48/7.43 .29/. 
esar. -41/.43 .W/. 
-$3/.$6 .41/.43 .30/. 
.53/. .41/.43 .30/. 
S96 pai’. 63 30/7. 
oot -41/.463 .30/. 
.54/, .41/.43  .30/. 
a5 302 .37/.41  .28/. 
SOs: .36/.40 .26/. 





RPagure 3.5 Exposed Fersonnel, Latent Lethalities, SRC, 1 KT. 


Entry arguments are the range (rounded up to the 


next highest listed value) and target radius. If the target 
Baqgius ic less than the first listed radius, then the first 
listed coverage is taken as the expected coverage. If the 
target radius is larcer than the last listed radius then “he 
weapcn system is ccnsidered unsatisfactcry. Otherwise, 


interpolaticn is performed on the radius and the resulting 

coverage is reported as the expected initial coverage. 
FXAMFLE. If a short range cannon weapon was employed 

against ferscnnel in the open with a target radius of 690 


meters and the range to the target was 52090 meters the 


4 


expected coverage would te 86.9%. 
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Ds Numerical Method 


When it is necessary to deliberately shoct-ét a 


target with an aim pcint other than the target center, the 


numerical method must be used. Figs 3.6 was the chart 
designed for usage with expected coverage, but has deéen 
ruled invalid by USANCA. (Fig. 3.6 may still be used for 
expected coverage ith no offset.) Therefore, when 


employing an offset aimpcint it is necessary «0 use the high 
assurance chart as shown in Fig. 3.7 which is used in the 
following discussicn. 


The numerical method has the following 6 sters. 


feecalcuiate RD divided by RT and locate on the left axis. 

Paeecaiculiate CD90 divided by RT and locate on the betton 
axis, 

3. The intersection of the values predicts the coverage 
withcut offset. 

4. Calculate d divided by CD90 and locat2 on the left 
ac = . 

5. Measure the distance from the point located in 4 abevea 
to tke line lakeled "displaced DGZ d/cD90". ties 2s 
refered to as the "measured distance". 


MeaAPELY =he “reasured distance" to the right of the toin« 
@ 


found in 3 abcve. tio Sina. POlne Predicts the 
coverage due te ofiset. It must also be remembered 
migwechas coverage has a 90% chance of cccurring since 


the scluticn was found by using the high assurance 
table. 


WiomaC lew ngaekanple 25 depicted in fia. 3.7. 


GIVEN: 
RD = 600 meters CdD9O0 = 100 meters 
FT = 800 neters qd = 300 meters 
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Finds Tke fractional coverage with the DGZ displaced. 


Solution: 
Step 1 RD/RT =e 1S 
Step 2 cD90y/RT = .125 
Step 3 Initial coverage = .57 
Step 4 dvcn90 = 3.0 
Step 5 Measure distance 
Step 6 Final coverage = .48 
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A. INTECLCUCTION 


Before the macdel 2S invoked, 2 serious ccndition must 
eeast On the battlefield = one in which the commander with 
responsibility and authority for amployment of nuclear 


weapons has decided te use them. This decision must be made 


externally te the mcedel. Once the décision is made, «he 
model will make all of the decisions necessary to sclve the 
target analysis problen, deliver the rounds and assess 


damages to target elements. 


Eo LNPUT 


As with any military operation, there are se 


v 
essential elements of information which must be available. 


—_ 
Sad 


t-!- 
(pp 


Kt 


fm ine iocation and size of ndiy mancuver elements 
rust be known. 

mere Lccaticn and <ype of nuciea> capable artiller 
Eattezies along with their nuclear load must be knecwn. 

3. The location size and type of enemy targets must be 
estimated. 

4. The ccmmander's guidance for minimun acceptable damage 


to enemy units must be announced. 


mee oLfEPS OF THE MODEL 


Scep 1. For each target select feasible battery/yield 
compbinaticns. 


ReeUSSe Sane tPdex meenod Efi=s =. 
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If the index method provides adequate coverage, 
Glects toOemecaOGp Safety. ce wpeoerseeeoas “rot 
necessary, file as a solution. 

If offset is required, use numerical method. If 

coverage is adequate, file as a soluticn. 

Of all feasible solutions, select the one which 

provides maximum coverage¢. 

For sach target, employ the best round. 

Assess damage for each target. 

Assess damage to each tank. 

1, Deterwine the distance from GZ where a ‘tank 
has a 50% chance Of damage due =O 
overpressure. 

2. Declare each tank as alive or dead as a 
BeSUve On aenonce Carlo draw. 

Ass¢ss damage for ¢sach troop. 

1. Determine the distances from GZ where a troop 
has a 50% chance of survival due to thermal 
radiation, overpressur2 and dynamic pressure. 

20 Mereeachy ==OOp in the target, pezrforn a Monte 
Carlo draw for ?3ach of the above damage 
mecharisas. Uieaty ONeue tasks, Kiid che 
© Se Cle. 

SOS Lc aGame=s OOD Sh Se  sardget which survives 

tc this point, determine nuclear radiation 

absorption. Piaee thee rocp=10 Cre cr “the 6 

Ge-eqcries of; 

a. Cead 

D. Fermanantely lacapacitated. 
See lenporars.1Y incapacitated. 
d-aelipaa Sed . 

é. Latent impaired. 


f. Safe 
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TemdeameaienOr thic athe model uses various routines an 
functions which are detailed in chapter V. The remainder of 
this chapter will explain how vthe model proceeds, what 
assumpticns are made and, in a few casés, where scene 


Simplifying appreximations are made. 


De. SELECT FEASIELE EATTERY/YIELD COMBIWATIONS 


The medel locps through every target with every possibis 
battery/yield combination in an attempt to compile a listing 
of adequate solutions. The proceedure is to; 

1. Use the index method. 

2. Determine if cfrset is necessary. 

3. Use numerical method if offset is necessary 


4. If coverage is adequate, file as a feasible sciuticn. 


1. Index Method 


———— =P => aa! -_h m= ee see 


Be Stade ct, ec re Taege 2O the target is computed. is 
i* is farther than the maximum range of th? weapon systen 
currently béing looped through, then it cannot be engaged by 
mmee cattery. The mecdel will new loop to the next battary. 


PecinUcapaveeede) taage: which is out of range na 


hed 


ct 


Still be aztzacked successfully. In this situation an offse 


iD 


distance e<cual to the difference between the actual tang 


pau 


and the maximum wearecn range is used in a numerical metho 
analysis. The model does not allow for such an occurrance. 

Ie crew eacget 25 within fanage, the model locps 
through each yield of the weapon system. Senet l og Wich tae 
Smallest yield, <he target radius is compared to the maxinun 


table tarcet radius. Pos wc Onarga, then the model 


}- 


loops to the next higher yield. tie Soo... -oo lacge, Lt 


perteorms an index method analysis. 


uy 4 





Should the index method analysis provide a coverage 
which is equal to or greater than the ccmmand guidance for 
the target type, thé¢ena potentiai solution nas been found. 
If the ccverage is inadequate, *hen the model loops tc the 
next higher yield. 

It must be remembered that the target/battery/yield 
sequence is a nested loop and it may not always be possitle 
moe, lcop to he next higher yield. At a time when the 
highest yield for a weapon is peing looped over, locping to 
the next higher yield actuaily means looping to the next 
battery and starting again with the lowest yield. The same 
applies tc looping tc the next battery when «he model is at 
the last Eattery. 

whenever a feasible solntion is found with the index 
methcd, the target is immediately checked fcr necessary 
ertset. Thus the lcop in teéemporsirly interrupted in crder 


momcheck for possible offset. 


Or 


2. Cffsetting Desire 


ae we a a =e 


Ground Zero 


| 
| 


Recall that the index msthe 
to be the center of the target. Any 
troop safety considérations would fc 
numerical method which wouid analyze th2 target 
CPricrity target and resuit in a degrad2d coverage. Enea 
case where initial ccverage was adequate, further analysis 
must be dene to see it offset is required and what effec 
Beasakility it has. 
Cc 


ie) Perf 


WW 
EJ 
pp 
iJ 


offset is easily done on a mar with a 
SPempess, Dut is not as easily done with a digital computec. 
Fig. 4.1 shows how it is done naénually. The methed is to 
Graw circies about each friendly maneuver unit center. The 


radius of ¢ach circle is the unit radius plus the minrinua 
Seeareticn distance (MSD) TOpelsasce “tEOOD 


Mesared grcund zero must lie outside each circle. The 
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bessrea GZ 


© © 


rriendly Units 


Beeure 4.1 Manual Solution to Offset Problem. 
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chosen aim rfroint is the point on the map which is closest to 
the target center and still exterior to every circle. .- 
Simply stated, one just gets as close to the targe+ 
center as possibie while staying far enough from each 
friendly element to ensure safety. To do this e¢nveclves 
solving a acn-linear programming problem with a non-ccnvex 


feasability regicn. The problem formulation is; 
z Z - 2 
MIN Ca 7 oo) 
St. (X-K,)° + (¥-¥,)° 2 (MSD + Unit Radius , )“ 


ied como NG sor Ulyits 


Rather than solve that problem, it is easier +0 


solve an iterative gecmetric approximation. In many casés 
the apporcximaticn is exact. The approximation is as 
follows. 

1. Find the friendly unit whose perineter is clcsest to 
the target centér. heer so eeweenln MSD Of the target 
center, move the desired ground zero directly away 
from it an amount necessary to satisry safety. 

Meese reat the crecess until; 

PemeNG Unit Ines “wathin “MSD or 
B. 10 stenos have been tried. 

BevwewecOlleler Cannot be Zound @n 10 sters it is 
probatly tecause no feasible solution exists. Fig. 4.2 is 3a 
typical ¢xample. Cletus [clive Units, three or them lie 
within MSD and the desired ground zero must be moved. Oni + 
4 1s closest and the desired ground zer is noved directly 
away f£rOm it. The new desired ground z¢ro is acceptable. 
Memes also “xact and not an approximation. mn ae yes: tive 


typical case. 
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Desired GZ, X,Y 





(_) vai 3 iste S é 
Linnie 22 


) Dae t 1. 


Figure 4.2 


PeeCoeoOmerr ic SOlULELON. 


48 





Mammo eves GOrWard aS Shown in Fig. 4.3, “ha 
EolLution requires two iterations and is now an 
Bepcooximaticn. The first iteration moves the desired ground 
meeGg tC EOSition 1. However, unit 2 is within MSC and 
desired ground zéro must be moved again. This time position 
2is selected. It is feasibie and close to the optinun 


Hocation. 


B. 


iz 


trical Method 





The numerical method was discussed in Chaotezr III, 
Secticn C-2. This method was developed for use by a nuclear 
target analyst in a fieid environment using tools ccmmoniy 
mroilabie in 2 Divisicnal Pire Support Element. Such tools 
are FM 101-s1-3 [Bef. 2], a compass, dividers and a fencil. 
Thus, the transposition of the "measured distance" and 
reading of apoint cn a graph s2em like simple tasks and 
Natural things «c do manually. The method follewed in the 
computer code is a Slight modification of the manual methed. 

Piewscales tn Fig. 3.7 are logrictchmic. Therefore, 
the additicn of tke "measured desranee LS = fsalay. 24 


multiclication operation such as; 
CDOO/RTI =~ CDIO/RT * £(4/CD90) 


where £(d/Cl90) is the appropriate 


= 
~~ 
ct 
Td 
t-? 
}-- 
(D 
me} 
fy) 
ty 
fs 
{2 


m is only a 
Mane tion of d/scp90. It 1S much more reliable in the field 
monpalicw the target analyst to use dividers than to require 
meme tc ccrrectly multiply. 

In the example on page 39, the initial CD90/RT was 
mezo and the displaced CD90/8T was .450. Obvicusiy the 
Seprorriate multiplier was 3.60. 

Pads, Sef bas Deen included here as Fig. 4.4 with 
Boent number 7 added. If the value of the peint number 7 is 

feepiied by 60, it wili be 3.50. Thus, che appropriate 
Mmeerpiter can be found dizectly fron the figure withcusz any 
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Posit rene 


Besse OMe Mote 


C) Unit 2 Moves 
Forward 


Felli Cmte Offset as an Approximation. 
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Beurcher modification. Several points on the dvCD90 scale 
and the ccrresponding f(d/cD90) are in the data base. FOr 
any d/cCcCgs0 the correct £(d/CD9IO) can be found with one 
interrpolaticn. 

The coverages from Fig. 3.7 are input into tne data 
base as a 2-dimensional table. Thus with RD/SRT and CDIOLRT 
known, a double interpolation will produce the predicted 


coverage. 


ht, azte- all of this work, the coverage is now 
inadequate, the solution is abandoned and th2 orogram moves 
en Heomever, if it is adequate, a soluticn containing the 
target, battery, yield, desired GZ and predicted coverage 
can be generated and filed away for later use. It would be 
useful to rile the feasible solution in such 4 way that 


Mecevcry Cr the top cne on the list is the best soluticn. 


Table III shews hypothetical results of an analysis 


a 
Meaqiwiring offset for the rounds of the MRC battery. Due to 


if) 


afety impecsed offset, tie @elang=s .yaecld, “While still] 
meeting ccmmand guidance, is eicdbiy 2Ge tne DEeSt cheace. 
[mecact, neither of the rounds frrom the MRC battery is the 
Mmemecnorce.,. The SRC batterv with 4 1 KT yisid will previde 


mae highest coverage. PReElclOl cp, enis SEOgram vill file 


Soluticns in descending order cf& coverage. Should a tie 
Sccur, ze SRC takes precedence over <=h2 WRG fOr 
MenssclLvVaticn of force reasons. 


EF. EMPLCYING THE ROUND 


#hen all of the targets have been analyzed fer ¢ach 


Fattery, the target analysis portion of the model is 
meniched. It is time to select the best battery/yield 
combinaticn, employ the weapon and assess damade. Actual 
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TABLE II 
Degraded Coverage Due to Offset 


Battery Thera l Offset 

{ Tyre coverage coverage 

| Short Range ect 41% 41% | 
Cannon he 78% 718% | 
Medium Range 2 KT 82% 73% | 
Canncn 8 KT 97% 4uyy% | 

| 


Tenner ee ae eee scam capes me ap Cm cis spy ang cepa eum nce as ESSN SOEUR UEP GeO ERSSSSS Oa 


Eurst parameters are normally distributed. The actual 


ground zero is picked from a bivariate normal distribution. 
GZ = N(déesired ground zero, CEP/1.1774) 


Hieght cf burst and yield are selected from univariate 


moremal distributions. 
HOB = N({desired HOB, PEH/.67) 


Yield = N(ncminal yield, neminal yield/s10) 


Fe. ASSESSING DASAGE 


Fer damage assessment itis assumed that HOBopt was 
selected as though cverpressure was the governing effect. 


( 


Memo 15 dcne to avoid reading Figs. 2.1 and 2.2 inte th 


adi 
Meee Lease. This is dene for two reasons. 


1. The data in the figures is very coarse and shcuid not 
re accepted as highly accurate [Ref. 1: voreface]. 


meen Lineaz> functicn results from th2 assumption. 


oye, 





Memtne assumption that the weapon will function at HOBcpt 
fer cverpressure is made, then one variable, the HOB, can be 
omitted. If the employed weapon functiors at HOBcpt then 
the scaled HOB is Simply the HOBopt for a 1 KT weapon. 

Using this HOB and the ranges found in Fig. 25020 
desired cvéerrressures and in Fig. 2.2 for desired dynamic 


Fressures, it is possible to plot yield against range wit 


pressure 4S a parameter. Figs. 4.5 and 4.6 show these 
results. 
1 
2 
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Figure 4.5 Cverpressure from Optimum HOB. 


If the weapcen yield and the required overpre 
dynamic cressure for a particular targ 3 

is a simple mactter fcr the conputer to 
femwnich defeat will occur. An example wi 


this. 
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Figure 4.6 Dynamic Pressure from Optimum HOB. 


Given: A detonation results in a 10 KT yield. An ACeG 0S 
damaged ty 15 psi overpressure. 

Find: Baewed’Stance —rocm ground zero at which =he AFC is 
damaged. 

Beiution: From Fig. 4.5 locate 10 KT on the lower scale. 
GO up tc the 15 psi line. Reed (20 Meters from the Lez= 


scale. 


In the medel, Eq. 4.1 is used to determine the range. 
The coefficient A is a function or overpressure or dynamic 
pressure and is determined from Figs. 4.5 and 4.5 when the 


fetid is 1 KT. 


ey 3 


RD = A*tYield (4.1) 





The same simplification can b2 made concerning arrival 
eam=. Equation 4.2 is the result. 


i= Geno l ser) = Pier aice (4.2) 


It must be pointed out that this methcd will predict a 
larger RD fcr overpressure than is correct when overpressure 
is net the governing effect. However, overpressure is 
almost always the governing effeccr. (Radiation is usually 
the governing effect only against erscnnel in the ofen.) 
‘But, when radiation is the geverning effect, enhancing the 
effects of overpressure to their optimum will still not 
Outweigh the effects of radiation. A soldier killed oby 
meteacticn wili still be kilied by radiation. The only ¢rror 
is that a soldier who survives radiation and should have 
survived cverpressure will now have a decreased chance of 
survival. 

The alternative te the simplified method is to revert to 


foes.) With a table iook-up and 2 way interpolation. 


Sev ehlABLTLITY OF EFFECTS 


BuO EJEGCt poSiticned at a certain range from a given 
yield will be subjected +o overpressure, dynamic pressure, 
feter Nal radiation and nuclear radiation. In many cases one 
damage mechanism wili dominate? the others. hee Would be @ 
Simple matter to use only the dominanz mechanism in 
determining damage. In an expected value omcdel this 
Pecnunigque is entirely justified but such a proceedure is not 
folicwed in this model. 

mo a probabilistic model, such as this ene it is 
entirely possible for a target element +o "beat «he cdds" on 
cvereressure and be killed by seccndary missiles br 


O 
about py dynamic pressure. I= there was a 75% chance of 





damage by overpressure and only a 10% chance of damage by 
dynamic rressure in a 50% threshold model, the element would 
be killed by overpressure every time. In this model, each 
mechanism gets a Monte Carle chance to cause damage. In the 
above example the subject has a77.5% chance of damage. 
More importantly, it has a non-zero chance of survival. 

If the RD frem Fig. 4.5 is found to be 700 meters (10 
psi and 10 KT) then what are the orobabilities for survival 
at a closer range and for damage at a farther range? The 
expected value mcdel would set these probabilities at zero. 
This model will allow survival at a closer range and damage 
at a farther range. Towmae thes) “fequisre= a probapilsicy 


Seesteripution. 





Variaility ia 2 


PRLBABILITY OF LAMALE 


- 6 ? 4 a 1.0 rca aca: 1. J bee eS 1,6 


DISTANCE FROM GZ/RADIUS OF DAMAGE 


Figure 4.7 Vahdantlity Of ErLrects. 


megeres 4. FRet. 4: p. O-3] is used in the FM 101-31 
and is followed in this model. The 20% variance 
curve is the one which is used. Or eoa On NOaTal DLOL= ing 


meyer, it locks like Fig. 4.8. 





aca 





Dictamec crom G2/ 2D 


Figure 4.8 Standard Deviation is 20% of R/RD. 





According to Fig. 4.7, a target élement at grcund zére 
has some finite chance of survival while an element at an 
infinite range may still perish. This is a logicai result 
cof the normal prokability assumption. To approximate 
reality, any element with less than 0.5% chance of survival 
is killed while anything with more than 99.5% chance of 
Survival alwayS survives. Thus, only when R/RD is between 
-5 and 1.5 is the Monte Carlo chance taken. An example wili 


demonstrate how «he method works. 


GIVEN: KR 6 KT bDuwerse: Tanks are damaged by 20 fsi 
cverpressure. 

FIND: Damage to tanks at 200 and 900 néters from GZ. 
SOLUTION: From Fig. 4.5 the range at which a tank 
damaged is 500 meters. CeorrecelyY Saved this is RD, 


i? 
(A 


ct 
~~ 
@M 


(D 


@escance at which the tank has a 50% chance of survival Th 
meeps tank has @ distance/RD of .40. From Fig. 4.8, the 
Beogatility of SUDVival is less than 0.5% and the tank is 
killed. 

nca/RD Cie 9s DD is AZUNS Tora 


The sé¢ccend tank has a dista 
(O51) draw is made for the tank and the number of .40 is 
drawn. Since .555 is less than .60, tne tank survives. Had 


954 cr less been drawn, the tank would have besn killed. 


H. TARGET RESPONSES 


Target elaments are of two types - zanks and perscnnel. 
However, any target elsment wnich is damaged ty blast, 
thermal radiation or nuclear radiation may be easily input 
eeeo the mcedel. Such elements would include APC's, “«rucks, 
Miebadings, aircraft, forests, bridges, etc. 

HEee<ehis modei the tanks are S@ither fully functional or 
ma led. Personnel may have an additional state - dying. 
THiS is caused by the absorption of nuclear radiation. 


While the various mechanisms may kill a soldisr upon burst, 
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only the nuclear radiation will caus2 a latent, lingering 
death. Pag 4.9 [Ref. 4s p. e-97 25 used - -ovclacsi fy 


radiaticn casualties inte the states of: 


The 


1. Dead. 

2. Incapacitated and dyirg. 
3. Impaired and dying. 
ieesete end fully functional. 


PHYSICALLY 


PERMANENT 
INCAPACITATION 











NO 
550+ sympTOMS 


490TuIN THR TODAY To 


Figure 4.9 Fersonnel Responses to Radiation. 


foee to slhpletstes Fig. 4.9 into Fig. Holo wi2h she 


eel eOwing: 


ue 


Anyone receiving 18,000 rads £6. “Geclered dead 
immediately. 

Anycne receiving 8,000 to 18,000 rads is immediately 
and permanantiy incapacitated. He cannot shoot, mcve or 
communicate but is still alive and should be considered 
emseectentiai tarcet. 

Anyone receiving 3,000 to 8,000 rads is immediately 
micdpecitated but in tim2 is upgraded to functicrally 


mipateed. ihe time is uniformly distributed fren 30 to 
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or 


45 minutes. Eventually the person dies. Death cccurs 
imomunIcOLNLy © Gis~ba DUted amount of time from 2 to 5 
days. 
Anyone receiving 2,000 to 3,000 rads is immediately 
rlaced in the functionally impaired state where he 
remains until death cccurs in 2 to 5 days. 

Anycne receiving a dose greater than his cwn personal 
fochal limit bet less than 2,000 crads 


is unaffected 
until some latent periced has passed at which time he 


beccmes functionally impaired. This time is unifernmly 
distributed from 30 tc 60 minutes. Eventually, the 
person dies in 2t0o 5 days. Tre “letra loans 1s 


Benetally distrabuted about 650 cads with a standard 
deviation of 50 rads. 
Anycneé receiving less than his own personal lethal 
ioget is uneftected. 


CUTPUT 


When the model is conpletsly finished it will print all 
ce 


he pertinent information concerning each target and 


employed round. Final output will be; 


1. Burst parameters of GZ, HOB and yield for destruction 


ee Gach target. 


Ss 


2ach element in e@ac 
mediately killed, the 


incapacitation and/or impairment times will be listed as 


~ 


Pee SGcation and dispositicn of 
im 


moi Get . Por personnel not 


appropriate. 
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Figure 4.10 Simplified Personnel R2spenses to Radiation. 


Je. SUMMARY 


This model will, given several nuclear capable artillery 
Eatteries, friendly locations and enemy locations, select 
Optimum chceices of tatteries and yields to fire at each 
enemy target. Me tcu, ewnes Necessary, allow fcr *zcop 
Beeety Ey ocrfisetting the @im point of the weapon. eee wee 


Simulats delivery of each round and stochasticall 


ha 
pv 
(in 
” 
(D 
” 
” 


damage <c each individual element within the «arget. Tanks 
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Will ke declared either alive or dead while personnal will 
be allowed a dynamic transition from living to dead due +o 


nuclear radiation. 
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V. MODEL ROUTINES 

Di seenarvercewall explain the important sections of the 
actual model in detail. Actual lines of the SIMSCRIPT model 
(printed in capital letters) wili be presented followed by 
an explanation of what they do or mean. The complete modal 
is included as Appendix B. PaCGherOlcinceana  Luncticn is 
discussed as a sepatate section in this chapter. 

In reading about each routine and functicn it may be 
Meprul tc refer to Fig. 5.1 to keen the flow cf the nodel 


mp Order. 


A. PREAMELE 


The preamble extabiishes global variables, identif: 
permanent and tempcrary entities and 
EOupS entities into sets and identifi 


mInctiors. 


BeanANP NT SNTLITIES 
Meee y EATTERY HAS A SIZt, AN XB, A YS AND SOME NUC.ROUNDS. 
EVERY CCMPFANY HAS A XC, A YC, A ZC AND A CO.RADIUS 
Memeeny SWARGET HAS A TYPE, A XT, A YT, A ZT, A RT 
AND MAY CWN A TANK.SET, A TROOP.SET, AND A LISTING 


fhe EATTERY is an entity representing a nuclear carakle 
Seer iiery battery. The SIZE is ¢ither short range cannon 
(155mm, SIZE = 1) or medium range cannon (8 in., SIZE = 2). 
Memand YE are grid ccordinatses. NUGBROUNDS 25 che quantsty 


Semnuclsazr ccounds the BATTERY has available to fire. 






FREAMELE 


ANALYSIS EXP. COVERAGE 
OFFSET.COVERAGE 
MAX.DISTANCE 
NEUTRON 

MAIN DETONATION GAUMA INTERP 

MEAT 
PROBABELITY 
OVER.PRESSURE 
DYNAMLTEG] PAESSURE 
ARRIVALS LIME 


Figure 5.1 Routine/Function Routing Chart. 





1 


The COMPANY is an entity representing a friendly unit. 
I2 may be an individual soldier or vehicle ora ccllaction 


eee Such. Roose ae cumeeen 8©X:Sting 25 to Cause offse- 


ww w= 


Ps 


Beegecing due to friendly safety constraints. Ce) Gy 2C 
See che crid cocrdinates and altitude. CO.RADIUS 


radius of the unit. 





The TARGET is an entity which is to be attacked. XT, YT 
emg) ZT are grid coordinates and altitude. RT is the target 
tradius cr equivalent as explained in Chapter III. The 
TARGET cwns three sets. They are sets of TANKS, TROOPS anda 
a LISTING of feasible SOLUTIONS. 


TEMPORARY ENTITIES 

EVERY TANK HAS A X.TANK, A Y.TANK, A TANK.DEAD, 
AND MAY BELONG TO A TANK.SET 

BeekY TROCP HAS A X.TROOP, A Y.TROOP, & TRANS.FACTOR, 
A TROOP.DEAD, A LETHAL.DOSE, AN ACCUM.DOSE, 
A T.GETH, A T.iMPAIR.NUC 
AND MAY BELONG TO A TROOP.SeT 

EVERY SCLUTION HAS A UNIT.TO.FIRE, AN XDGZ, A YDGZ, 
AN IYIELD, A JROW, A KCCL AND A PCT 
AND BELONGS TO A LISTING 


The TANK has ccordinates X.TANK and Y.TANK. 


ra 
(D 


h 
peeeaiceude is assumed equal to that of the target to which it 


will ke assigned. TANK.DEAD is an integer number, 2ither 


© 


or 3. AO means the tank is fully functional. A 3 means i 


cf 


has suffered a catastrophic kill. 

The TRCOP has GeorGanates LoPROOP Sand Y.TROOP. Th 
altitude is assumed equal to that of +he target to which it 
Will be asSigned. PNemLRANS- PACTOR 15 the radiation 


ib 


transmissicn factor and is currently either a ‘i for expesed, 
Meee te ELCcection Gnside an APC and .001 fer a fex hols. 


meeOe. DEAL 1s similar to TANK.DEAD except for two additional 
1 


values. A 1s functionally impaired and a 2 is 
mica pac tated. LETHAL.DOSE is that radiation dose abcve 
which che TROOP will eventually die. ACCUM. DOSE 1S) the 


Eadiaticn dcse the TEFCOP has currently accumulated te et 


is the time when TROOP.DEAD is to be set equal te 3. 


66 





T.IMPAIR.NUC is the time when TROOP.DEAD is to be set equal 
Eo 1. ; 

aA SCLUTION is an answer to the nuclear target analysis 
Beobiem. Its attributes ar¢ the firing unit, desired ground 
zero, expected coverage and indicies to locate the tabie, 
row and cclum where the solution was found. It is filed in 
a LISTING tkEeleonging to a TARGET. The LISTING is ranked 


first by high coverage and then by low yield. 


GLOBAL VARIABLES 

There are two sets of equivalent arrays. One pertains 
moretne SkC and the cther +o the MRC. The SRC has 9 rows 
While the MRC has 19 rows. Limekes fOlLOvVang, Only he SRC 
is explained but the description extends equally to the MRC. 

SRC.E.CCVERAGE is she 4 dimensional Meter x ) Waten 
contains the coveragé probabilities. The first subscrirt is 
the yield. The second is the type of target. the thiied and 
fourth are the row and column of tha table descrited by 
yield and type. The current mcdel allows seven types of 


targets. They are; 


1. Exposed pérsonnél. Immediate permanent casualties. 

Ze Execsed personnel. Immediate transient casualties. 

3. Ferscnnel in fox holes. Immediate permanent casualtiés. 
4. Fersonnel in fox holes. Immediate transient casualties. 
See nucdérate damage to Tanks. 

6. Mecderate damage to Wheeled Vehicles. 


7. Moderate damage to Artillery. 


SRC.RANGES is the array of ranges that th? system is 
@epactile cf. (See Fig. 3.5) 
Bue ltoSLESRT 2S ths 3-dimernsicnal matrix which contains 


Boe RT fcr the various tables. tie hlas te subscript 15.25 


(D 


yield. the second is ths type of target. Ene == ces aon 


iD 


meerumn of che taktle. (Sea Fig 3.5) 
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SRC.YIELDS is the array of possible yields. Each wearon 
has two yields available. Mmicwoncenaswea «2 KL and a iKT 
while the MRC has a 2 KT and an 8 KT. 

MSD.SRC is a 2-dimensional matrix which contains values 
of minimum safe distances. The first subscript is «he row 
of the table and the second is the yield. isp 2s en) y a 
functicn cf weapon size, range and yield but not target type 
or degres of damage. 

MmroGecnC,  CEP.SRC and PEH.SRC are arrays with only the 
rangé as a variable. They are a functicn cf the delivery 
system cnly. The subscript is the row of any table for the 
applicaple weapon system. 

HCB.SRC is a 3-dimensional matri which has the desired 
memeget Of kurst. Tke first subscript is the vield. The 
second subscript is the row of the table. Times toed 
Broscript 1s the type of target. 

SreeetinNehD and SRC.EXP.RD ar= the minimum radius of 


damage and the expected radius of damage. Theic 
dimensicnality and subscript meaning are the san¢ as 
fem. SRC. 


MmgOenkl, ROsKT, O.CD9O and DISPLACED. COVERAGE are the 
parameters used with Fig. 3.7 to soive an orfset cov 
problem. SPI Uenr ence COIJO/7RI« Rvs RT is RD/RT. E-cpS0 is 
a7 CD9C. DISPLACED COVZRAGE is a matrix of coverage values 
Mseq for table look-up once the antry arguments have been 


determined. 


Be. MAIN 


The MAIN serves as a vehicle to define and read local 
Meeaaciscs and call cubroutines and functions which dc «ha 
mex cf the work. 
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POLICY is an array which represents the commander's 
~ 


argets. io Secnoen. 2 


in 


guidance cn each of the types of 


Ih 


NTABLES - one for each of the seven types of targets. 3 
the predicted coverage on a target doses not equal or exceed 
the PCLICY for that type of target, then the soluticn is 
abandoned. 

RANGE is the range from the battery to the target for 
Weaech a sclution is tkeing sought. 

The remainder cf MAIN is involved Yeon cat sag 
subroutines +0 solve the problem. MAIN first calls 
READ.RESERVE which reserves and reads ail o a 
variatles. MAIN then calls INITIALIZE. Pe eher “16605 
through every TARGET and every BATTERY in an attempt to find 
adequate SOLUTIONS. TOmCGmEntS 1 Lt “cal lo ANALYSIS which, in 
marn , calis other subpregrams. Ecce cetucning 20m 
ANALYSIS, the MAIN is ready to emodioy the wéapons. ples 
removes the first SOLUTION from the LISTING of each TARGET 
and calls DETONATION which assesses Gamage. Upon Petu=ning 
meom DETCNATION, the MAIN Jists the attributes of the 


permanent entities and terminates. 


C. SUEBERCOTINE READ. RESERVE 

This subroutine reserves and reads the globai variables 
as defined in the PREAMBLE 
D. SUBRCUTINE INITIALIZE 


This is a surrogate for a driver program. As stated in 


memes abstract, this program is intended as a subroutine for a 


latger Simulation - one which alzeady has entizies such as 
TARGET, TANK and TROOP. Same] =nese entities do not Exist, 
INITIALIZE creates then. A detailed description of the 


Subroutine will not te offered here since it is unimportant 


j~ 


and easy tc read. Pew sure. ce tO sa 


~ 


elec et il bo Soom ly 
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distributes TANK and TROOP entities within the RT of «the 


TARGET while assigning attributes *9 the temporary enti~ies. 


FEF. SUBRCUTINE ANALYSIS 


ri 
i 


Mies SUETOUtTIne is the crigan of SOLUTION. 2s here 
that a decision is made to create a SOLUTION and then to 
mmeen it sn a LISTING or discard it. ire £2= St acticn is to 
determine the size cf the BATTERY which has been passed to 
it Tt then determines if the TARGET is within range. ee 
meme it Eeturns +o MAIN withcut a SOLUTION. If the range is 
less than the maximum weapon range, then it finds the vroper 


row (J) to use as an entry argument. It then loops cver all 


yields tc determine ccverage for each yield. Fer each yield 
1t determines the proper column (K) tO use as the cther 
Pemeey adcrgument. If it cannot find any (RT too big) it loops 


Bemeecne Nex yisld cr returns =o MAIN if it was at the 
largest yield. 

Mena crewand cclums were tound, then a SOLUTION is 
created and the index method is used to compute the initial 
coverade. If the kIT is less than or equal to the first 
Meeeced in the takle, then the coverage in the first cclumn 
mec ercr*ed. Pome peeone Eunct?on. =<P. COYEZRAGS 22 called. 


returns the expected initial coverage using the index 


A decision is made cecncerning twzhe ceverage and a 


( 


commard guidance (POLICY) for that type of target. Peer he 
coverage is adequate, then OFFSET.COVERAGE is called. ae 


( 


" 


will return with a new coverag2 which is less than cr equal 
to the cne returned Ey EXP.COVERAGE. If this new coverage 
is still adequate, the attributes of SOLUTION are determined 
meet is filed in the LISTING cf the TARGET for which i+ 
meemecalilted. Control is then returned to MAIN. 
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FPF. SUBROUTINE EXP. COVERAGE 


This function was originally e¢stablished to perform the 
interpolation with the index method. However, as it became 
necessary tc perform interpolation in other subprograms, a 
dedicated interpolation function (INTERP) Was written. 
Currently this function Simply determines the size of the 
PATTERY and properly formats the arguments for a call to 
INTERF. It then returns with the expected coverage to 
ANALYSIS. 


Ge. SUBROUTINE OFFSET.COVERAGE 


This subroutine is called when the initial analysis is 
at least adequate. It determines if any offset is necessary 
and, if so, performs an analysis using <n2 numerical met+hced. 

meee first order cf business is to call MAX.DISTANCE 
Mien aciually ilocates the new desired ground zerc. is 
there is no displacement, then ctherpe 25 2o change in 
coverage and control is returned to ANALYSIS. WA ors TANCE 
Will also return a flag which may méan neo feasible sclution 
exists and coverage is set equal ‘*o Zéro. This will cause 
Meemeciuticr not to be filed in a LISTING. 

Next, “he Battery size is determined and she entry 
megumencs cf Fig. 3.7 are calculated Dependin on the 


value of d/CD9Q0 (¥2) cne cf three things can havpen; 


1. Consider the target as a@ point target. 
2. Analyze as instructed. 
Seeelegradation is insignificant. Return. 


Mum@eecntiy, a pcint target analytical technique is not 
Beeruded, Eut the technique is slightly easier than this 
ene. The cnly time an area target would be analyzed as a 
Meemt targe= is if the RD is at least 10 times greater than 


RED. This cnly haprens with large yields. Case 2 1s the 
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Sireyeonu=e fOr Which £Lurther analysis is stequired (assuming 
case 1 dcées not happen). 

Case 2. a/Cn90 is located on the ordinate and (witha 
Sail tc INTERP) the measured distance is found. AS 
explained in Chapter III, the measured distance (DELX) is 
Mieetacrited by the criginal CD9O0/RT and used +o find the 
predicted ccverage due to offset. A double interpolaticn is 
necessary to find the coverage. Control is then returned to 
ANALYSIS. It the ccverage is still adequate, the SOLUTION 
meet iecd in a LISTING. 


He FUNCTION INTERP 


This is an alemeéentary interpolation function, is self 


explanatcry and is net further explained here. 


I. SUBRCUTINE MAX.DISTANCE 


This subroutine performs the doetomimet2on =o © shes 
Men-linear wvorogramming orobtlem as stated in Chapter IfiI. 
Meee lLogic f£cliows the graphical solutions as shown in Figs. 
4.17 and 4.2 


Je SUBRCUTINE DETONATION 


The purpese of this subroutine is to asse 
that the analvsis is complete. The best sO 
TARGET has teen removed from its LISTING and p 
subroutine. 

Again, adecisicn is made regarding tha BATTERY size. 
Mae standard deviaticn for ground zero location is found Eq 
3-7. The PEH and desired HOB are selacted from the tables. 

moemaec<crMine ground zero the radial miss distance, R, is 
computed as N(QO,CEP/1.1774) Wretcsdin “aagle, “A, 15 pleked 
meom U(0,27 ). Succ cnOo es concn placed at the polar 
Seendinates cf (R, A) 
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The actual yield is selected ‘from a normal distribution 
with neminal yield as the mean. (Actual varianc?s are 
Classified) The standard deviation is assumed +0 b2 one 
tenth of the mean. 

HOB is selected from a normal distribution with DHCB as 
the mean and PEH/.67 és the standard deviation. 

The actual GZ, yield and HOB have now been fixed and the 


burst parameters are cutput by the statement; 
meat Xk, ¥, YIELD, HOE 


EACH TANK 20 TANK .SET (TARGET) and TROOP an 
TROOP.SET (TARGET) is examined to check for 

stated, +th= TANK can only be fully opetatinal (TANK.DEAD = 
0) or killed (TANK.DEAD = 3). Th2 only mechanism which has 


damadeé. AS 


any reascnable chance to destroy a tank is cverpressure. 
The overpressure at which a TANK hag a 50% chance of 
SeuEvivel is 25 psi. Thus; 


Mere RD.OVER.PRESSURE = OVER.FRESSURE (YIELD, 25) 


meee «return the distance from GZ where 25 csi will be 
M_~memnmterea and will be used «o détermine uf tne TANK is 


destroyed. 


IF (R/RD.CVER. PRESSURE LE .5) OR 
(.01* (NEUTRCN(R,YIELD) PLUS GAMMA(R,YIZLD)) GT 18000) 


35 a ccmpound IF statement which destroys the TANK 
(TANK.DEAD = 3) Memoltcneh sot che’ £Olliowamg conditions are 
met. 


1. iti the probability of destruction by overpressure is 
greater than 99.5% or 
eee be the crew inside would receive more than 18,000 


Bads OfMEradiation. 
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The TROOP is put through all four damage mechanisms 
before being declared a survivor. The thermal level at 
which a TROOP has a 50% chance of survival is 20 céalycn. 
Thus; 


LET RD.HEAT = HEAT(yi¢l1d,20) 


will return the distance from GZ where 20 cal/cm will be 
encountered and will be used to determine if the TROOP is 
killed. Tc become a thermal casualty a compcund IF 


statement must 3 true: 


The TSOCP must be exposed (TRANS.FACTOR(TROOP) = 1) and 
The THCCE must receive enough thermal eneray to bkecome a 
thersal casualty (PROBABILITY(R/RD.HEAT) LT CHANCE) and 


His reaction time must be greater than .1 second. 


If the TROOP survives the first test, he may beceme a 
casualty due to overpressure. The overpressure at which a 


TROOP has a 50% chance of survival is 10 psi. Thus; 
Meee >. OVER. PRESSURE = OVER .PRESSURE (YIELD, 10) 


Will return the distance from GZ where 10 psi will be 
encountered 


and will be usec to determine if the TROOP is destrcyed. 


[en /hD is less than .5, the TROOP is Kiiled (TROOP.DEAD = 


3). Ctherwise he must take a Monte Carlo chance; 
Meena CDOACTLITY (R/RD.OVER. PRESSURE) LT CHANCE 


lif the akove statement is «rue then the TROOP is killed. 


Meche TROOP is still alive, he must now survive the 
errects cf dynamic pressure. Hi SeseoCeoon as 2dentical tc 
cverpressure with the exception of a cai to 
mee noiC. PRESSURE instead of OVER. PRESSURE to get 


Bee DYNAMIC. FRESSURE 
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Necomet OL chic, 2: che TROOP is still alive, nucléar 
radiaticn gets its chance. The combined effects of neutron 
and gamma gamma radiation are added to the current radiaticn 


level. 


ADD TRANS. FACTOR(TRCOP) *((NEUTRON(R, YIELD) +GAMMA (R,YIELD))) 
TO ACCUM. DOSE(TROOP) 


Tf the TROCP has accumulatsd mor2 <han 18,000 rads he is 
killed (TROCP.DE&4D = 3). 

If the ACCUM.DOSF is between 8,000 and 18,000 tads he is 
placed in *+he ircapacitated state(TROOP.DEAD(TROOP) = 2) 
Mycel he is killed in 2 to 5 days. 


BelerelLrid (TROOP) =RANDI .F (2*24*60,5424*60, 1) 


If the ACCUM.DOSF is between 3,000 and 8,000 rads he is 


Placed in the incapacitated state for 30 to 45 minutes. 
mere rs LMPALR.NUC (TROCF) = RANDI.F (30,45, 1) 


Az the eénd of this time he is placed in the functionaily 
impaired state (TROOF.DEAD(TROOP) = 1). He 2S Killed wn 
mO 5 days. 

If the ACCUM.DOSE is between 2,000 and 3,000 
i ne 2S Bille 


IND 


7 


rads he 


= 


$+ 


ph 


b 4 


placed in the functicnally impaired state unt 
mie2 *o 5 days. 

meeene ACCUM.DOSE is greater tha 
Mest HAL. CCSE(TROOP)) but less than 2,900 cads «the 


Mme rected for a short period of time - 30 to 60 minutes. 


h wnat he can tolerat>3 


xOO 


ba 
O 


3 


3 


in 


moe LeIMPAITR.NUC (TROCE) = RANDI.F (30,60, 1) 


% 


Memecrne erd cf this time he is placed in the functionally 
Bipatired state. He is killed in 2 to 5 days. 

If ACCUM.DOSE is less tnan LETHAL.DOSE(TEOOP) then he is 
fully functional and will not be killed as a result of the 


Bret ent détcnation. 


1 





K. FUNCTION OVER. PRESSURE 


This funceion determines *«he distance from GZ at which a 
target element will ¢ncounter a 50% chance of survival for 


the achieved yield and required operpressure. 


L. FUNCTION DYNAMIC.ERESSURE 


This function determines the distance from GZ at which a 
target element will encounter a 50% chance of survival for 


the achieved yield and required dynamic pressure. 


SB. FONCTICN ARRIVAL.TIAE 


mes —f£uretiecn executes the atrival time function and 
meeurrs the time after detonation when the blast wave will 


pass the given distance fromn GZ. 


Ne. FUNCTION GAMMA 


Equation 2.4 is executed by this function. EOL ene 
achieved yield and distance from GZ the amount of aeutron 


meat ation iS returned. 


OC. FUNCTION NEUTRON 


memactOn 2.3 iS executed by “his function. Loz  =he 
achieved yield and distance from GZ =the amount of neutron 


meagitation is returned. 


P. FUNCTION HEAT 


maueataon 2.2 is executed by this ‘function. For «the 
achieved yield and thermal requirement the distance frem GZ 


meme a SO% chance oft lethal burns occurs is returned. 
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Q. FUNCTICN PROBABILITY 


This function approximates the area under a4 WN (0,1) 
probability curve. tiie SowemeraDlLe sLOCK=Up FOE Fig. 4.8. 
Only entry arguments (R/RD) of .5 and greater are vasséed to 
it. If the argument is greater than 1.5 the probabilitiy is 
set tec Q. 


gig 





VI. ENHANCEMEN 


S 


TS AND EXTENSIONS 


A. OEFTIMOUM ASSIGNMENT OF BATTERIES. 


This medel assigns batteries to fire on 


random basis. There is no thought given to 
coverage. 
earst 


coverade. 


Choosing the highest coverage for 


a in firs= out basis may not provide 

An assigrment problem must 

Berrectly. 
Table IV is 


miecne fcllcwing example. 


-_ 


a 


TABLE IV 
Nuclear Load by Battery 


| 
lO, Crrrounds 

| Battery Type oe ie ee Kes OKT 
1 SRC 1 2 0 0 
2 SAG 1 1 0 0 
| 3 MRC 0 0 1 Z 
: 
OO ——————————— ae eee 

Table VY shows the coverages that can be 
meen Various battery/yieli combinations on fi 
Z2ro means that the target is c¢ither ou 
coverag2 is less than command guidance. Note 
meee cCunds of 1KT yield and, thus, has 2 


Bore eke 1 KI rounds. Mecesieetar SitoGa- on 


a, 
~St 


KT rccunds of bat ls 


i6 


an essentially 
optimizing the 
each target on 

maximum total 


be solved to do this 


potential nuclear load for three batteries 


| 
| 
; 


cas Gl a Oe eee Se Lee ue SE oe ee eee ee 


ees ll 








TABLE V 
Target Coverage 


a ees  dhCUhhht—(ittitsCS 
| 
| 
| 
| 


ct 
at ge EE ae EE ee ee oe fee a ee 





Targe 
Battery Yield 1 2 3 uy 5 
oceans 200 Beoo 200 .00 
1 Komeeecoe oO MeO 2.456 | |4 00 
lier cZz0). 60 Seed 2.45 00 
| oc Mle. (Dee OOmeae 200 200 
2 ti ee eee) 0 ees tc 8 66 UO 
| Cie OR a2 ae OP as theo eta 
| z Sekt some. Ome. CUM. OOM. OO 
{ Sere ee 0 pec00 2.00 2.0 | 
- | 
a a ca ce ce ee eect es cai i anormal See SORA nme UD CE SENSES SED J 
I¢ assign battery/yield combinations to a tarcet 
Mecotding to the current technique would preduc2 the 
pollowing; 
Target Battery/Yielc Coverage 
1 Soe a o8 
iC WK © - 30 
3 2/1 Kt Sin 
4 B72 Kt moo 


mass Aazangement resulzs in a total coverage cf 3.25, out 
target number 5 cannot be engaged because the only fea 
round fcr it was employed on target number 4&4. The 
assignment problem that needs to be solved is one that will 
Maximize total coverage. This case is very easy to solve by 
miepecticn. 
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The cptimum assignment ils; 


Target Eattery/Yield Coverage 
1 3/8 Kt oe 
2 WAKE oO 
3 2/1 Kt :51 
4 1/1 Kt 42 
5 Sere 92 


The optimum total coverage is then 3.65. 

In the current mcdéel, only the percentage of coverage is 
used to elvaluat2 the value of the target. This may net be 
the item to maximize if the various targets are not of the 
same typ¢ and population. For example, a 97% coverage cn an 
infantry ccmprany 1s not as valuable as a 50% coverage ona 
tank régiment. Tc make the matrix in Table V_ acre 


Bealistic, a variable such as; 
Value = coveragq? * element vaius * target population 


should be used. 


B. VARIATICN OF ASD 


mypically, aoe eMetaclons Order Specifies Sarhe  trcop 
Baeoty guidance as @ negligible risk te unwarned exposed 
personne. Pies 2Sweeene Category used an the mced2l to 
determine MSD. Pig. 6.1 shows the differenct separation 


distances that must re achieved for the safety categceriscs 


er: 


1. Unwarned exnvosed. 
2. Warned exposed. 


Se Warned pretected. 
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Each categcry has the 3 levels of radiation eéxpesurs 


status (RES) of; 


1. Negligible. 
2. Moderate. 
3. Emergency. 


UNWARNED WARNED WARNED 
EXPOSED EXPOSED PROTECTED 


RANGE NEG MOD EMER NEG MOD EMER NEG MOD EMER 


2eUgu 7500 6990 4500 440y 4100 232uF 3400 3060 1400 
5J90 7500 6900 S%54¥u 44UuU 4100 33uU0 3500 100) LRN 
4uUJ0 7500 7000 %556 44 9u 4100 3300 3500 31°09 1700 
4000 70CO 70u9 46uG 45y0 4“eON 3390 3660 3270 17nA 
0e0U0 7oou 7090 4696 4500 47°99 3306 3660) 3207 1706 
7UJ9 76CG 7U990 46IJU 4500 4700 34Uu 37600 3tNC) LADD 
gyvJ0 7J7oCU 710G 460U 450y 4200 342Jt 3700 33°90 LENO 
9ut0 7700 7lud 4736 SoU 4300 34uC 3AUD Bunn {eng 
1uUuU9 7790) 7130 4796 460UU 4309 3400) «§9C0) «35°00 Leng 
11080 7700 7lug 470yu 460U &t0N 35Uh 4NLO 36870) Lagn 
16049 7700 7200 470yu 4600 4300 350 4060 300 Logo 
io¥yO0 7600 7eyO #8u0 470U 4400 S35uUC 41t0 37nn) 1ag9 
140.0 730 «672900 6 4Buu 4700 4400 «63500 V6 2tO) o47HN 1990 
10000) 7huUG 7e90 4990 &70uU 440N Bout 4300 398f0 = 2n_AN 
Ju¥VuO 7e00 7300 4850 470u 440N 360 43500 39nv) 2engg 
27000 7906 730U 49)G 4806 4500 S36uU 4400 39n0 =) anor 
1d050 75690 73u0 4990 4HUVO 4509) 3H zt 45900 4nnn 2nenn 


Figure 6.1 Minimum Separation Distances. 


feed. 6.1 the MSD for anegligible risk to unwarned 
Ss 


exposed andwarned e¢xposed per 00 ard 4600 


onnel are 7 
meters respectively. RECA cadre Da. 
offs2t and offset is the reason for some very severe 
degradaticn in coverage. Tz the 4600 meter MSD could be 
used, then the displacement cculd be reduced by 4300 meters. 
Mes CcOvld make a Significant difference in che final 
outcome of the Simulation. 

BxPpensicn Of the MSD category would greatly ¢xpand the 


use of the medel as an analytical tocl. 


Bel 





C. CCLLATERAL DAMAGE AVOIDANCE. 


Chapter 14 or Ref. eee Sera his least Ss?paration 
distances (LSD) to avoid damage +o many entities such as 
buildings, forests, bridges and civilian populations. This 
imposes the same type of offset requirement on the aimroint 
as MSD dcés except that it precludes damage to entities 
ccther thar friendly troops. 


Use of this idea would require implementation cf 


py 


* 


routine similar to that which determines offset except tha 


ct 


the description of what is being avoided must alsc S 


included. 


D. MULTIELE TARGETS 


As i+ has already been shown, the center of a target 
need not be the aimpcint. we uld be highly advantagecus 
eerdaestrcy more than cne target with a single burst. Fig 
6... 2 shews 3 farcets and their associated maxinua 


Webeeieie OE 


7 3 
Target 3 


Figure 6.2 Multiple Targets. 


displacement distance *o insure minimum acceptable ccvezrage. 


Bee “triangular” area that is inside all circles is a 
feasible area for each target. That 1s, a round employed 
nywhere in the "triangle" will destroy all 3 tazrgets 
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A method to evaluats ROK a Sexo)c 


expand tke use 


E. FALLCUT 


Generally, 
altitude that provides 
3.4 and 3.5). 


+o movement or cause mass evacuation 


However, fallout may 


mem.i cel cL faliout efter 
tmospheric conditions and 
Sacild a gq=ound burst occur, it 


eee, Simulate fallout. Predicting 
at altitudes up 
A 


fallout is relatively simple but 


meterclogical data 
top must ke known. 


May require assistance fron 


of the model as an analytical tool. 


a 99% assurance of 


employmen= 


detcrninistic model 


targets would 


nuclear weapons are detonated at or above an 


no fallout (rqs. 


be an effective barrier 
Of a coOntaminat=d area 
due to 


wom NOS sas 


the user may become the victin. 


is necessary 
fallout 


=O aia 


On P= cGac. 
that 
CIM dG Clo UG 


ng 


requires 


EGER pPLealcr= 


ctually simulating fallcut 


2xperts in metecrolegy. 


Fis ACTICNS TAKEN DURING AND AFTER FALLOOT. 

While the detonation of nucléar weapons will certainly 
cause scmée wnique actions and reactions, zshere are som: 
Meeetcic actions réquired of Clatenomleon 2.COUn ce: ina 
mai cut. 

1. Cptimum Tims cf Exit. 

Fer perscnnél caught in a fallout area (presumably 


Om ccvered fox hcles cr shelters) 
EO 
radiation. 

While soldiers 


G@exyit the area tec minimize the 


Stay in the 


their fcx hcles, they take advantage 
also prolong their exposure time. 
Mould reduce their expesure time but 


Mien higher dose rate oucside theiz 


8S 


tTnere 1S @n optimum *ime 


absorption of nuclear 
orf 
They 


lscave 


aes: 
mediately 
would 


ECra 


expose then 


Shalters. 





For given initial dose rate, decay rate, shielding 
and exposure time to a safe area, there 1S an Optimum time 


to leave. 


2. Crossing Problem. 


Given that a unit must cross a radiation area, there 


is a not-é€arlier-than time tefore which they may not enter. 


fee2cs a function of RES, fallout pattern and decay rate, 
speed of crossing and shielding during the crossing. 


Inclusicn of this tvpe of problem into the the manéuver 
section of a driver routine would certainly have an impact 


upon the cutcome of the simulation. 


het2 ons taken +o decontaminate vehicles and 
persennel are relatively simple if only <transpertaticn to 
and from a d¢contamination site and «ime taxen to 
decontaminate are ccnsidered. Tha Main problem with 


Secontamination is one of supply. 


Ge ADDITICNAL TARGET FLEMENTS. 


The current model has cnly tanks and troops in <the 
Target areas. Any target may te added to the target array 
Byeaerinzng it aS a temporary entity and allowirg a target 

O° 


wom own it. To damage the entity reguires the modeler + 
Call one or more of the damage EQUNE=ens (with Vthec 
SaeEOrLiate arguments and then dacide if the entity is 
damaged. The procedure is virtually identical to what is 


eimeentiy used. 
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APPENDIX A 
REGRESSION ANALYSIS 


A. GAMMA RADIATION 


Since the mcedel needs the gamma radiation level ata 


specific range for agiven yield, it is advantagous 70 
replot Fig. 2.7 with dose as the dependent variable. fad 
meee is this new fFlot. 





1000 

300 

a) 0 

30 

eG . - -- 

600 800 1000 ee 0 1400 1600 1800 
Figure A.1 Gamma Radiation. 

Pme=sendaezing this plot <0 the APL linear regression 


package fer the equation; 
in(Doseé) = A+ B * Range + C * In(Yield) 


memem= sto Ercvide an adequete solution. Therefore, the model 


was solved in pieces and reassembled. 
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The procedure was to regress each line independently as 
in (Dose) = A+ B * Range 


mer each yield. The coefficients A and B are obtained for 


each yield and are listed in Table VI. 


| 


TABLE VI 
Ccefficients A and B. 


o> 


Yield 


= OO YJOVTE WN = 
ccd ood ced cond cxond cond end aed od ond 
NNNNININ 2a aw 
eoeeee tee e8 @ @ 
FS WWD OO) = 
NO WLP DNIN =O 
i ee ee | 
eoe#eete @ & @ &©& @ @ 
DOOOOOOOCO © 
DOOOOOOOC oO w 
= FENN Nn 07 
DWDOO=NN ££ OO 


_ SD a ne ED oie OP ee 


| 


Fer each vield, the coefficients are plotted as shown in 
Pgs. A.2 and A.3. 





1 2 3 u 5 5 7 g § 10 Yield (KT) 
Figure A.2 Regression Coefficient A (Data). 
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i Z 2 uy 5 6 i 8 g 10 
Figure A.3 Regression Coefficient B (Data). 


The coefficients can now be regressed against yield. From 
meg. A.2 the £ 


irst ccefficient ap 
root cf yield. Therefore, the eg 


pears to vary as the square 
vation; 


A= Cy, * Cy, *vY¥1eEL 


Memtat With the folicwing results. 


Cy, = 10.74 
Cc, = Soe 
mags equation is plotted in Fig. a.4 along with the 
penal coefficient data. The fit is quate good. 


eZ 5 = 


a 
i) . 
1 2 3 u 5 - 7 g Q 10 


~ 


Figure A.& Regression Ccefiicient A (Regressed). 
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These 22 a temptation to say that the coefficient, EB, is 
really aocenstant Since the curve is very flat and the 
represented values are so small. However, it must be 
remembered that this is to be multiplied by the range and 
the result used as an exponent. Any small error may have 
Saeastrophic results. From Fig. A.3 a Straight line of the 


form; 
E= Cy + Cy sevield 
Bement With the folicwing results. 


~ .00532 


Cy 


C 
1 


Meme guatich is plotted in Fig. A.5 along with the original 


coefficiert data. 


-.005 5 = 


t 
i Z 3 + 5 6 7 8 3 10 
Figure A.5 Regression Coefficient B (Regressed). 


-.006 


Assembling the equation results in the follcwing 


equation. 


(5599V Yield _°/ 0001*Yield-R 


Sea 461.6 6 ¢ (A.17) 
a’ 4 
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iD 
a | 
hot 
ja. 
ip 
t-! 
Gd 
in 


Hqitew2on A. 1 2S eloc=ed on Fig. AeO EOn eV 
Bong With the original data. 
1000 


300 


100 


30 





+0500 800 1000 T2208 1400 PoO0 \e00 


Figure A.6 Full Gamma Regression Model. 
ees important that the equation be accurate? in the 
vicinity cf 650 rads as this is the mean of the lethai dese 
Moses abution and is the dividing point betwen surviving and 


dying. 


EF. NEUTHCN RADIATION 


Lik= gamma radiation, she modal needs the neutron 


etaeacticn level at a specirtic range for a given yield. 


O 
Meowevert, Fig. 2.6 appears to have straight lines which can 
Ss been 


oae 


The neutron regressicn model was alse split into two 


Pem=XECLCited in a regression analysis. Reidel o2s oh 


bp =f 


converted to 3 metric scale and 1s presented in Fig. 


Submodels. Each line was regressed independently as; 
Rance = A + B * 1In(¥ield)} 


for e€acn dose. 
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1800 





Range (Meters) 


909 


2 o 10 


Yield (KT) 
Paaute Aa? Neutron Radiation. 


fo 


Mmemecetrricients A and B are obtained for sach dose and are 


Myseecd in Table VII. 
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TABLE VII 
Coefficients 


Dose A B 

30 1272 171 

100 1093 158 
300 918 156 
i 1000 766 148 | 
30C0 641 129 ( 
| 10000 461 138 | 
SS ete | 


Fer each dose, the coefficients are plotted as shewn in 
Figs. Reo and Ae 9. The coefficients can now be reaqressed 


against the dose. 


1000 = 
8B 
A a 
0 
500 = 
2 
re LON 309 19009 2nn4 1000c 


Dose 
Figure A.8 Regression Coefficient A (Data). 


foometre Ti rst coefficient, A, the model is 


in(A) = Cc, + C, ¥* Ln (Dose) 


Ce 


C, = -.1696 


Ox 





ane 0 


160 
2 0 
B 0 
14) 5 
QO 

be? 0 

30 EO 300 1000 3000 10000 

Dose 


Figure A.9 Regression Coefficient B (Data). 


For «he second ccefficient, B, the model is 
B= €, + CG; @ iIn(Dose) 


with 


C, = 190.45 


C 


; ~6.4145 


The submcedelsS can now be assembl2=d and result in the 


memeroweng £Eull mcdel. 


2 ‘i | 
Range = ESL! + (190-5.4-2n( Dose) }*%*n( Yield) 


1 
oe 


What the model needs is a function of range and yielc 
Nae wGaanno. bemsep 


Ween yields dose. Equat 


me = 
mee, therefcre an approximation is offered. The term; 
190 - 6.4 * In(Dose) 


Bemeus Slope of the line for a given dose. For doses from 


30 70 10,000 rads, the averag? slope is 150. The proposal 


a2 





- 
is to use 150 as the slope for every line. Fig. A.3 has the 
data plotted again as well as Fq. A.2 and then new poropcsal . 


For deses of 3,000 rads and below the new proposal seems to 


be an imprevement. 


1600 


1400 


1200 





1000 
‘w 
Gs 
Vv 
4 
Vv 
= 800 
Vv 
00 
< 
0 
EY 
600 | 
aH Z 9 190 
Regression A 
¥reld (KT) Simplified O 
Figure A.10 Neutron Radiation and Regression. 
[moe svish Insts the full model slope and the percent 
meeor it a siope of 150 is used. NoOweice that ©£he erzcr as 
negative ac low doses but is getting larger. NUS eice 


expectsd to be in perfect agreement at some dose. That dose 
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r 7 

| TABLE VIII 

| Slope Approximation | 

| Dose 190 - 6.4°ln (Dose Change from 150 

! 30 168 -12% 
100 160 ~06% 

| 300 iss -02% | 
Sc 150 00% 

| 1000 146 03% | 
3000 138 08% 

| 10900 1a 13% | 

pa at _ 

ms) 518 rads. As with gamma radiation, it is important that 


the mcdel tke accurate at radiation levels of 650 rads and 
Bevow. Cbhviously, this is. 

Akeove 518 rads, the error is positive and continues to 
increéasé. At 10,000 rads the error is about the same as at 
OC 


4 


30 rads. This seems to be & warni Wese Xk. cape la cicn. 


a 
Tt weuld be unwise to use this formuia for ranges and 
radiation levels outsids those from which it was derived. 


Using the approximation, Eq. A.2 becomes 


oe 
Range = eee: 7 ose rn re 1d) 


7 
eee 


which can ncw be separated. 


The rearranged formula is; 


5 SiGic 
2368.47 
: . 23 
Dos (Feit acesexe> Sa 
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C. THERMAL RADIATION 


The mcdel uses a thermal radiation equation which yislds 
Baage as a function of yield and radiant exposure. Fig. 2.2 
Hoeaiready in that format with the exception that range is 
in miles. Fig. Aw.11 is the same figure using a metric range 


scale. 


Range (Meters) 





a Z 5 0 
Yuediae CKT ) 


Figure A.11 Thermal Radiation. 


The previously used method of using submodels will again 


be used. The full mccel is; 
Range = A + B * 1ln(Yield) 


Bee each exposure. Pnewcoectfie@eents A and 3 are obtained 
BSereeach ¢<xrcsure and are Listed in table Ix . 

For ¢ach €xposure, the coefficients are plotted as shcwn 
mie Figs. AJ12 and A.13. Dee eCeSte tC ten-s. Can now be 


regressed against the exposure. 


5 





<< ° —_ = 2 aes eee eee EE ee ee ee ee eee ee eee eee eee eee eee eee eee ee ee ee ee 


TABLE IX 
Regression Coefficients A and B 


ee 


Expcsure A B 
3 625531 22136 
5 6.5 128 205 
8 bao 230 moe 59 
| 2 660137 solo) 
25 5.7786 04926 
a0 5.4593 4773 
es i ee ee 
i 
A 
6 
: a 3 5 8 le? a 59 
Cal/Cm* 
Figure A. 12 Regression Coefficient A (Data). 
meme ne t.cS. coefficient, A, the model is 
pre 7 eee (eX DOS 4.2 
ee Dh 
Cy = 7.3528 
Cc, = ~.4885 
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3 2 3 a2 ES 90 


Figure A. 13 Regression Coefficient B (Data). 


The seccnd coefficient could now be ragressed against 
exposure, but several models tried failed to yield ar 


accurate explanation of behavior of the coefficient as a 


function of exposure. This makes sénse since B is the slope 
of a given line and all lines apvoear to be parallel. 
Therefore, an average slope value is used. 
Be e051 

Tre submodels can now be assembled and result in the 

Boeow.ng full mcdel. 
— oOo we 
Range = 1561- (Yield) (A.4) 


(Exposure) °° °°° 

Nermally, a figtre would be used to compare the data to 
fem@enreg>ession lines at this point. However, the aaqreem 
$$ so gocd that &@ graph would lack enough detail «+o reve 
any differences. Therefore, Tables X and XI will be cffered 


memsccw hcw well the curves fi: is. 


ony 
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TABLE X 
Original Data 


10 


1 


Expcsure 


LOM = += Ow 
NWIIMO NS 
CONN = OVE 
AN -— & 


FmoOMNKN 
AMMAN 
WAN FNAMOO 


N& FF 


MA™ ODN 
NODANA 
NWONOMm + 


Nere 


Ne NIM WO 
Om oor1o@ 
ON MOAI 


C= = 


AAO SeN 
DKHOsTwMN 
NOBDorM 


= Ge 


MNOMON]| 
MOUMINS 
HMM IFMN 


MUIOONUNO 
m=O 


eee 


Ee KSA See eee ee Oe ee ee ee ie So 


Xi 


TABLE 
Regression Results 


Yield 
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Expcsure 
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As cne can clearly see, 


2xtrapolation 


ame caution abou 


Bquation A.4 


= 


QAPpply. 


a: 
ad 


zc Rus * 


cC 
o 


valid cnly within 


the range of the data. 
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MODEL LISTING FILE 


This appendix contains a copy of the listing file fora 
test run of the mecdel. There are three targets, five 
batteries and three companies. Each target has 50 tanks and 
BWeccrcOrs uniformly distributed within the &T. Table XIi 
lists the target data while Table XIII lists the battery 
data and Takle XIV lists the company data. Target *ypes are 


as listed cn page 68. 


TABLE XIif 
Target Data 


Target Type xX. se Re 
Coordinate Coordinate 
1 1 9500.0 0.0 TE002C 
Z 4 8000.0 O70) GOOG. 0 
a 5 6000.0 0.0 S00. 0 


a cree ae = cg en a a ce 


—— 


aa ee i es Se ae 6 ee SS CSE eee a SC cae 





a9 





ee ge ee La EE ee ee ee eee EL: <<, Te: A EE TL 5 TTD FOOD PEER I 


- 
| 
| 
| 
| 
| 
| 


TABLE XIIit 
Battery Data 


Y 
GOooOLarnate 


Size Ks 
Coordinate 


Pattery 


ODVOOO 
e*eeree 


COodooo 


wm NAN 


SNM AY 


a a eS ee ee SS ae eee eee ee een Sa SS SSS, nS SS Se a AR 


enn ann naam aa em meme ee pe ee ee ne ee ee 


ow 6 ee eee SS eres Oe owt ee eee O28 coe Oe 


XIV 


TABLE 
Company Data 


iL. Radius 
COOGLGinate= 


X 
Coordinats 


Company 


OOo 

eee 
oon.e 
OOO 
NNN 


oe 


500. 
-500.0 


OOO 

eee 
Odo 
OOO 


CINE 


emNY 


— 
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APPENDIX C 
GLOSSARY 


Ae WEAFCNS EFFECTS 


Alpha particle: A radioactive 


helium nucleus, having a mass of 
of twe positive units. 
ne ens! = 


Attenuation: A decreéas2 


scattering, but not due to 
or range. 
Beta 


GompoSizicn to an electron with 


Barti cle: Remael OcGa. Te 


beta particles pessess av 
Induced Radioactivity: Rae sCac 


Camgeces 


—_—_——_ ww 


elements by tne 
ly below 


Manganese, 


Caieaure 


immediate Ground Zero 


emmision 


emmision 


veocy proecucsd 
Hae sens. 
tae 


aluminum and silicon are are easily 


2dsne2 cal wae the 


£0Ur and ar electric charge 


due to absorpticn or 


geometric reduction as a result 


LAdeee cle - 7 


the possible exception that 


ery high speed. 


of 
Tndveed. 


elaments =O Cem 


Neutrecn: Pesawere le Of Mass One and without any electric 
charge. Neucrons are present in all elements excert light 
MmeeecQ]en and are requited tc initiate the detcnation process 
in nuclear weapons. 

Rad: Cne of many measures Soest tatieas) densi: y Cr 
Mmeeetuccive power. It represents the absorption of 100 exzgs 
Seeeecnizing tadiation per gram of absorbing material, such 


beady tissue. 


Be TARGET ANALYSIS 


Personnel who 


Ghe-r 


Functionally impaired: 
ce 


incapacitated. 


aaaebity perforn assigned 


119 


GiamaGcte=i 7 ec by vomiting, 


lethargy, depression and mentai disorie 


axhibit some decreased 


task, bie noOz 


az s 
diarrhea, nausea, 


Meat On. 





Immediate permanent incapacitation (IP) Immediate permansnt 
imcadacitation 1S the ;most severe of the tadaation criteria 
and causes death in the shortest amount of time. Persennel 
performing tasks which are ephysically demanding béeccme 
incapacitated within 5 minutes of exposure. They rémain in 


this state for 1 to 2 days at whick time death occurs. 


° 


$3 
+s 


Immediate transient incapacitation (IT) Personnel receining 
this dose bécome incapacitated within 5 minutes of expcsure 
and remain se for 30 to 45 minutes. Personnel then reccver, 


men are functionally impaired until death which occurs in 4 


to 6 days. 

Latent lethality (LL) Personnel 2xposed to this their lethal 
dose become mUVetienetly ".Npaized within 2 Neues Oc 
exposure. MOneommenan malt ~Of has group will die within 


several weeks. 

Incapacitated: An individual who performs at 50 % or less 
of his pre-irradiation performance level. 

Radiaticn exposure status: PP Wie wwece Lating ztelatiaqc the 
average accumulated dose to the risk warranted exposure of 
pending missions. 

Minimum separation distance (SSD): The distance friendly 
troops nust be from the burst <0 insure less than 2% chance 
of damagé. 

Light damage: Light damage does not prevent tne immediate 
feerort an item. Scme repair py the user will usually be 
needed tc make the item operational. 

Moderate damage; Mcderate damagé oresvents use of an item 
until extensive repaizs are made. This degree of damage is 
normally sufficient te deny use cf the equipment. In most 
Situaticns, achievement of this degree of damage will be 
Seer 2ciSnit tO SUpport tactical operations. 


Severe damage; Severe damage prevencs ees an = te 


c 
in 


m 
permanently. There may be some sSituaticns such as the 
attack cn a bridge where severe damage is the only adequate 
Gegeres of destruction. 
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